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Abstract. Physics subjects or topics as a 
part of science education enable students 
to explore nature and natural events by 
using physics laws and scientific methods. 
In the lower-secondary school, physics is 

a subfield within the science curriculum 
developed holistically with the broad 

field curriculum design unlike the subject- 
centred curriculum in the upper-secondary 
education. As an important factor that 
directs the achievement, self-efficacy is 
one of the predecessors of these cognitive 
and affective skills. Accordingly, most of 
the scales which evaluate the students’ 
cognitive or affective skills in the lower-sec- 
ondary school are related to science course 
inageneral context. This research aimed to 
develop a valid and reliable scale measur- 
ing the students’ self-efficacy beliefs toward 
physics subjects for lower-secondary 
schools. The sample consists of 2737 stu- 
dents. The draft scale consisted of 52 items 
and was applied to 1882 students in the 
first stage. To construct validity of the scale, 
exploratory factor analysis was performed. 
The results showed that the scale consisted 
of single- factor with 28 items. To confirm 
its factor structure, the scale was applied to 
785 students. The research findings indicate 
that the scale is a valid and reliable instru- 
ment to measure the self-efficacy beliefs 
towards physics subjects. 
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Introduction 


The term of self-efficacy is theoretically based on Social Learning Theory 
(Bandura, 1977). However, being formed in the light of cognitive processes, 
self-efficacy addresses to Social Cognitive Learning Theory in later times (Sc- 
hunk & Parajes, 2009). Bandura (1997) stated self-efficacy as “beliefs in one’s 
capabilities to organize and execute the course of action required to produce 
given attainments”. According to Zimmerman (1995), self-efficacy includes 
an individual’s judgements about performing a task or an assignment rather 
than the physical or psychological characteristics owned by that individual. In 
other words, self-efficacy is not an observable skill that the individual owns. 
It is the individual's personal beliefs, expectations, or judgements about the 
answers that he or she gives to the question “What can | do?” in relation to a 
specific field, task, or situation (Bandura, 1997; Klassen & Usher, 2010). 

Self-efficacy belief is related to an individual’s ability to discover and 
manage his or her own abilities. As a specific domain-oriented term rather 
than a global and stable structure, self-efficacy belief occurs with direct or 
indirect experiences in a certain process (Bandura, 1997). Bandura (1997) has 
underlined the four principal sources of self-efficacy as follows: (a) mastery 
experiences (interpretations of actual performances, past accomplishments, 
or failures etc.) (b) vicarious experiences (observation of others’ positive or 
negative situations) (c) verbal persuasion (supportive messages, encourage- 
ment of teachers etc.) (d) physiological and emotional situations (emotions, 
stress, happiness, concern etc.). The findings of some studies highlighted that 
these factors were power predictors of self-efficacy (Usher & Parajes, 2009). 
As a determinant of behaviour changes, self-efficacy belief also affects the 
task choice, effort, persistence in achieving resilience to difficult situations 
(Bandura, 1997). 

In educational studies, self-efficacy is one of the critical variables in ex- 
plaining the learning performance (Richardson et al., 2012; Schunk & Pajares, 
2009). Accordingly, it has gained attraction from educators and researchers 
over the past decades (Britner & Pajares, 2006; Usher & Pajares, 2009). Self- 
efficacy has an important role on cognitive and affective outcomes such as 
learning achievement, motivation, attitude, self-regulation, and learning goals 
(Schunk & Pajares, 2009; Schunk & Usher, 2011). Actually, students with high 
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self-efficacy make more efforts when they face with difficulties, they are eager to learn and they tend to continue 
learning (Bandura, 1997). Conversely, there is considerable evidence that students with poor self-efficacy beliefs 
have a low level of course achievement and ability to deal with difficulties and that their desire and tendency to 
perform a task is low (Schunk, 1990). Therefore, students with low self-efficacy are less motivated to learn and do 
not make much effort to perform the assigned tasks (Bandura, 1997). 

On the other hand, it is still under discussion among some researchers whether the variable of self-efficacy 
is peculiar to a general field or a more specific subject (Aypay, 2010). However, most of the researchers have em- 
phasized that the concept of self-efficacy should be treated as being oriented to any assignments or tasks that 
are peculiar to a certain field (Bandura, 1997; Klassen & Usher, 2010). This means that it is more like a discipline, 
domain-specific or task-based content rather than a general construct. Therefore, students may have self-efficacy 
towards sub-disciplines such as geometry in mathematics course, grammar in language course or tasks and more 
specialized subjects like astronomy, anatomy in the field of science. In this context, the current study focused on 
the self-efficacy beliefs towards physics subjects of science course at lower-secondary schools. 

As a part of science education, physics in a broad sense is concerned about the matters such as the history 
of science, movements and behaviours of nature, and earth and space sciences. It underlies other disciplines such 
as biology, astronomy, geology, and chemistry and directs to new inventions or technologies (MONE, 2018). While 
students generally learn these subjects or concepts through physics curriculum in the secondary school, they learn 
them within context of science course at the lower-secondary shool level. Moreover, partly because of its abstract 
content or complexity, physics is critical for students to shape their knowledge, skills, and attitudes about science in 
the lower-secondary schools (Tuncel & Fidan, 2018). In the literature, the research on physics teaching-learning as 
a subfield of science education has started to increase over the past decades. Especially, the researchers have been 
interested in cognitive and affective features that predict the learning achievement in physics education (Kapucu, 
2017; Tezer & Asiksoy, 2015). Self-efficacy belief can be described as the individual's belief in overcoming the tasks, 
difficulties or situations related to the field of science education by evaluating his or her own abilities (OECD, 2017). 

Indeed, students with high self-efficacy beliefs in physics are willing to take risks and perform difficult tasks. 
Besides, they make more efforts to perform a behaviour related to learning and have higher levels of motivation 
and self-confidence (Tezer & Asiksoy, 2015). Therefore, the high level of self-efficacy beliefs held by the learners in 
physics may be an effective factor in the process of finding solutions to the problems they may face in the course. 
In contrast, the low level of self-efficacy belief in physics negatively affects motivation, learning behaviour, and 
expectations for future and performance (Lin et al., 2015). 


Self-Efficacy Instruments in Physics 


Recent studies have shown that self-efficacy regarding physics course is significantly correlated to students’ 
learning achievement and motivation (Alpaslan & Isik, 2016; Kapucu, 2017). This means that the perception of 
self-efficacy in physics increases their learning performances and stimulates their actions. Considering the general 
objectives of physics curriculum (MoNE, 2013), self-efficacy belief is an important psychological construct about 
whether students can learn subjects and concepts in physics course or not. Also, it is included in the scope of sci- 
ence literacy as well as the attitudes, beliefs, values, and motivational orientations (OECD, 2017). 

There are several measurement tools developed for measuring the self-efficacy belief in physics. For instance, 
Lin et al. (2015) attempted to develop the scale for physics self-efficacy belief of university students in a multi- 
dimensional sense. They adapted the self-efficacy scale which was developed for science learning by Lin and Tsai 
(2013) to physics learning. Its factors were as follows: conceptual understanding (structuring the physics concepts, 
principles etc.), higher-order cognitive skills (problem solving, critical thinking, or scientific inquiry regarding 
physics), practical work (performing laboratory activities regarding physics), everyday application (practicing 
the physics concepts regarding daily life), science communication (discussing the physics subjects with others or 
peers). Similarly, Alpaslan and Isik (2016) also adapted this scale developed by Lin and Tsai (2013) into Turkish to 
assess the physics self-efficacy of university students in Turkey. Selcuk et al. (2018) developed physics self-efficacy 
scale including two factors with 21 items for high school level. The first factor, self-efficacy belief towards physics 
achievement, is associated with problem solving and remembering necessary formulas in physics lesson while the 
second factor, self-efficacy belief towards the skill of using physics knowledge, is related to the ability to transfer 
physics concepts or subjects into daily life. However, these scales were developed for grades from upper-secondary 
school to higher education. 
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On the other hand, the researchers integrally developed several instruments for measuring self-efficacy belief 
in science education including physics in the lower-secondary school level (Aslam & Ali, 2017; Lin & Tsai, 2013; Tatar 
et al., 2009). Some researchers have also used the self-efficacy as a sub-dimension of motivation on their scales 
(Glynn et al., 2009; Tuan et al., 2005). These instruments focus on a general perspective oriented to the overall 
course, field or discipline unlike specific subjects, themes, or tasks in the context of science discipline. In addition, 
in the literature, most of the research on scale development has focused on high or undergraduate school level 
rather than primary or middle school level. Specifically, the field of science education lacks an adequate instru- 
ment that enables understanding students’ self-efficacy beliefs towards physics subjects. In recent years, the scale 
development studies regarding the specific domain, theme or task features have begun to draw attention of sci- 
ence researchers. For instance, Ilhan and Cicek (2017) have developed a self-efficacy scale for acid-base subjects 
by focusing on a more specific subject in the field of science and examined students’ perceptions of self-efficacy in 
chemistry. At the end of the research process, they approached the self-efficacy belief in two aspects as associating 
it with daily life and as making scientific explanations about the subject. Similarly, in his research on prospective 
teachers, Demirci (2017) has developed a self-efficacy belief scale for teaching astronomy subjects and discussed it 
in three sub-dimensions as “student outcomes through astronomy teaching’, “astronomy teaching strategies’, and 
“difficulty in teaching astronomy subjects”. Alternatively, there is a need to develop specific measurement tools to 
make educationally valid and reliable inferences about the concept of self-efficacy that has such a critical role in 
learning. Actually, these and similar measurement tools can provide important evidence for the factors affecting 
the science achievements and affective characteristics of the students who have difficulty in learning. 

Importantly, the impact of self-efficacy beliefs on students’ abilities to deal with the difficulties that they 
experience in their learning of physics subjects and to resist to such situations is significant. Indeed, since the stu- 
dents with high self-efficacy towards the field of physics are more aware of their own abilities, they can overcome 
difficult, complex, and abstract issues more easily and their motivation for the course is also high (Yelgun, 2009). At 
this point, examining the concept of self-efficacy with a more specific approach in such aspects as subject, theme, 
sub-discipline, and task may contribute to making important inferences about the whole of science course. Even 
though the students have high self-efficacy levels towards the sub-disciplines or a particular subject of science, 
their general self-efficacy level towards the whole field of science may be low. For instance, a student with a high 
self-efficacy about biology, chemistry or a specific subject can have low self-efficacy belief in science in the general 
sense only because physics subjects are difficult, and they have negative tendencies towards physics. Moreover, 
self-efficacy towards physics subjects not only may reveal an interrelation view with other factors affecting the 
learning, but also may take on a mediation role between science learning and the conceptions of science. 

In the light of all this information, the lower-secondary school science curriculum (learning areas, units) was 
taken into consideration in the present research, and the focus was set on self-efficacy belief towards school physics 
subjects in lower-secondary schools. In order to address these gaps in the field of science, this research focused on 
the development of a valid and reliable scale to measure the self-efficacy belief level towards physics subjects in 
science education. The scale may be a valuable tool for researchers or educators to assess the self-efficacy beliefs of 
students at lower-secondary school level. As being one of the pioneer studies, this research may allow for educational 
implications or directions regarding self-efficacy as a crucial predictor of learning achievement and motivation 
in terms of science course. Therefore, the present research aimed to develop a valid and reliable scale measuring 
the self-efficacy beliefs towards physics subjects within the context of science course for lower-secondary schools. 


Research Methodology 
General Background 


This scale development research was conducted by using the scanning model in quantitative methodology. 
The scanning model refers to “a research approach describing an existing or a previous situation as it is” (Karasar, 
2012, p. 79). Data is generally collected from a large population in this model. Ethical approval for this research 
was obtained from Ethics Committee of the Bolu Abant Izzet Baysal University in Turkey. The official permission to 
perform the research was also taken from the Directorate of National Education. This section outlines the detailed 
information about the participants, procedures, data collection, and data analysis. The scale development process 
proposed by Anderson (1988) was taken into consideration in this research. 
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Sampling 


A total of 2737 students (aged from 11 to 16, M = 13.04, SD = 1.31) participated voluntarily in all phases of 
the research process from the lower-secondary schools in Turkey. They are randomly selected. In the first stage, 
the primary data were collected from 1918 students through Exploratory Factor Analysis (EFA) to determine the 
construct validity of the draft scale. Data from 36 students were excluded from the scale because of their incor- 
rect or missing responses. Accordingly, the pilot sample was composed of 1882 students (902 males, 980 females) 
attending 6th (n = 599, 32.13%), 7th (n = 618, 32.84%), and 8th (n = 665, 35.33%) grades. MacCallum et al. (1996) 
reported that a larger sample increases the power of the model being examined and contributes to more reliable 
results regarding the measurement. 

In the second stage, the secondary data were collected from 785 lower-secondary school students through 
Confirmatory Factor Analysis (CFA) to test the factor structure of the scale on a different sample. Importantly, it is a 
more appropriate approach that the sample for CFA may be different from EFA. Because of the fact that 21 students 
responded to the scale items incorrectly, the data obtained from these students were excluded. Accordingly, the 
sample two was composed of 764 students (366 males, 398 females) attending 6th (n = 204, 26.7%), 7th (n = 254, 
33.2%), and 8th (n = 306, 40.1%) grades. In the final stage, 91 lower-secondary school students (41 females, 50 
males) participated in the research of scale application on an independent sample to determine the test-retest 
reliability and internal consistency. The participants in all stages were independent of each other. 


Instrument and Procedures 
1. Item development and preparation of the item pool 


In the preliminary stage, the instruments were examined on self-efficacy in science education in detail along 
with an extensive review of the literature on self-efficacy theories. The items related to self-efficacy towards the 
concepts or units of physics particularly focus on the subject area of “physical events” included for lower-secondary 
schools in the science curriculum. Firstly, an initial item pool was created with 52 items. Importantly, Bandura’s 
(2006) criteria for developing the self-efficacy instrument were also taken into consideration to create the items. 
For example, the items included the phrase “can do” instead of “will do” to carry a positive connotation rather than 
negative. 


2. Taking expert opinions 


Prior to the pilot research of the scale, 14 experts with PhD degrees from “science education” (n = 6), “cur- 
riculum and instruction” (n = 5), and “assessment and evaluation” (n = 3) departments at universities commented 
on the scale items to ensure content (scope) and face validity. They judged the relevance of each item to the 
theoretical framework of self-efficacy. In addition, physics (n = 3), science (n = 4), and Turkish language (n = 2) 
teachers’ views were also applied with regard to the clarity of items. An assessment form, rated on a 3-point scale 
(“essential’, “useful, but not essential’, “not necessary”) for each item, was sent to these teachers via e-mail. In line 
with their feedback, the content validity ratio (CVR) of items was calculated as proposed by Lawshe (1975). This 
value for each item was evaluated by taking .57 as a reference for the expert sample size (n = 14) according to the 
CVR critical table prepared by Ayre and Scally (2014). The minimum expert size is supposed to be 5 to measure 
the values of CVR (Ayre & Scally, 2014). 


3. Item reduction and revision 


A total of 12 items were excluded from the scale and some items were revised for trial application in terms 
of conformity to the scale, expediency, spelling, and writing. Moreover, the criteria proposed by Oluwatayo (2012) 
were taken into account to ensure face validity in the research. The experts evaluated the scale in the light of these 
criteria (the clarity and unambiguity of items, the appropriateness of item difficulty level for the respondents, the 
correct spelling of difficult words etc.). Although face validity is considered within the scope of content validity, it 
is initially referenced as a validity type in the process of scale development. 
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4. Draft scale for pilot research 
The pilot draft scale was ultimately composed of 40 items, on a 5-point Likert scale from “Strongly Disagree” 
(1) to “Strongly Agree” (5). There were no negative items in the scale. Before the pilot research, 12 students also 
read the scale items in terms of comprehensibility. Their feedback indicated that the items of the scale were not 
difficult to understand for pilot research. 


5. Datacollecting 


The data were collected during the fall semester of 2017-2018 academic year. Prior to the application of the 
scale, the students were informed about the purpose of this research. The students completed the scales in groups 
at certain periods in the classroom setting. To complete the scale, the process lasted approximately 10-15 minutes. 


Data Analysis 


In this research, both EFA and CFA were conducted to reveal the construct validity of the scale. Prior to these 
analyses, missing and outlier data, the normality of the data set, the number of the sample and its relevance were 
controlled for these analyses. The normality of the data distribution was checked by using Kolmogorov-Smirnov test 
(p > .05). The histogram graphics, Q-Q plots, and skewness and kurtosis values (+2, -2) were also examined (Kline, 
2016). In addition, there is no consensus on the number of samples in the factor analysis studies. The sample size 
should be at least 5-10 times higher than the number of items for scale development and contain at least 300 cases 
(Tabachnick & Fidell, 2013). According to Kline (2016), although a sample of 200 people is enough for reliable find- 
ings in factor analysis, still it may be more suitable to research in larger samples. Comrey and Lee (1992) expressed 
that 100 as poor sample size, 300 as good and 1000 as excellent. In this context, the sample size is quite enough for 
the reliability of the present research. After the items were tested for the multicollinearity problem, in other words 
for the high-level correlation (r > .90) of item pairs, it was seen that there was not such a problem for the analysis. 

In the first stage, the data obtained from the pilot application to determine the factor structure of self- 
efficacy belief variable were analysed with EFA by using SPSS 21.0 software. The new latent factors are discovered 
meaningfully by clustering the variables associated with each other through the EFA (Tabachnick & Fidell, 2013). 
Importantly, Kline (2016) emphasized that the construct validity is an umbrella term that includes the other types 
of validity. During the EFA, the principal component analysis was employed in this research. For the item analysis, 
independent samples t test was also used to determine whether there is a significant discrimination between the 
scores of lower and upper groups (27 % in each group). Next, item-total correlation coefficient (rn) was calculated 


Figure 1 
The Process of the Scale Development in this Research 
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to determine item's discrimination feature in this research. It means the relationship between each item and the 
total scores of a scale (Buyukozturk, 2018). 

In the second stage, CFA was performed on independent sample by using AMOS 22.0 software to confirm the 
factor structure of the scale. Based on EFA results, CFA is mainly used to compare the models of the scale’s factor 
structure, to test the scale’s model-data fit, and to decide the model with the best fit (Kline, 2016; Tabachnick & Fidell, 
2013). Accordingly, Tucker Lewis Index (7L/ = .90), Comparative Fit Index (CF/ = .90), Normed-Fit Index (NF/ = .90), 
Goodness Fit Index (GF/ = .90), (/F/ = .90), Root Mean Square Error of Approximation (RMSEA < .08), and Standardized 
Root Mean Square Residual (SRMR < .08) values were assessed for data fit (Kline, 2016). Given the sensitivity to the 
larger sample size, the chi-square was not taken into consideration in interpreting the analysis findings (Satorra & 
Bentler, 2001). Instead of this value, chi-square/ degree of freedom (y7/df) ratio was given for information purposes. 

In the third stage, the internal consistency of Cronbach's alpha coefficient (a) and Pearson correlation coefficient 
(r) for re-test reliability were calculated for determining the reliability of the scale by using SPSS 21.0 software. The 
respondents with higher scores have more belief of self-efficacy to perform the task in physics. After the analysis 
of the data, we prepared the final version of the scale. Figure 1 shows the stages of the scale development in this 
research. 


Research Results 
First Stage (Results of the Exploratory Factor Analysis) 


Prior to performing the Exploratory Factor Analysis (EFA), Kaiser-Meyer-Olkin (KMO) was used to test the ad- 
equacy of sample and Bartlett's test of sohericity was applied to check the suitability of the data. According to the 
analysis results, KMO index was .95 (KMO >.70) and Bartlett's test of sphericity statistic for the correlation matrix 
was significant (x?= 24471.75; SD = 378; p < .05). These preliminary findings indicated that the data were suitable 
for EFA (Tabachnick & Fidell, 2013). 

The data set for 1882 cases was analysed in EFA. The EFA was initially performed with 40 items in the scale. 
Based upon the principal component analysis method (Tabachnick & Fidell, 2013), the results showed that four 
factors had an eigenvalue greater than 1, explaining 58.93% of the total variance. A total of 12 items, which had 
factor loadings less than .40 and cut off points lower than .10 by overlapping in two factors, were excluded from 
the scale and then EFA was again performed in this research (Stevens, 2009). The repeated factor analysis indicated 
that 28 items with factor loadings ranging from .62 to .73 were distributed to a single factor, which accounted for 
43.00% of the total variance in contrast to the first factor analysis. Cronbach's alpha reliability coefficient (a) was 
.93 with regard to the internal consistency of the scale. 

In the factor analysis, the explained total variance values higher than 40% are acceptable for single-factor 
scales (Cokluk et al., 2014). Also, the observation of the scree plot graphic indicated the scale had single-factor 
structure as presented in Figure 2. 


Figure 2 
Scree-plot graphic of EFA 
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Finally, it was seen that the scale consisted of 28 items with single factor. Based upon the total scores of the 
students, the independent t test was used to determine the significant differences between lower (n = 508) and 
upper (n = 508) groups (27% in each group). The t values for all items were significantly discriminative in the scale 
consisting of 29 items (t_, = 29.87; t_ = 36.62; p < .001). According to ft test results, it was determined that each 
item had distinctiveness and these two groups were distinguished from each other. 

The item-total correlations called discrimination index of the items were also calculated for item analysis 
(Buyukozturk, 2018). Item-total correlation coefficients were ranging from .65 to .59 values (p < .001). The factor 
loadings were ranging from .73 to .62 for these 28 items. These values are used to explain the relationship between 
the factor and its items. Factor loadings above or equal to .45 are, as a good criterion, acceptable for including the 
items in the scale (Buyukozturk, 2018). The items with a factor loading below this value were not considered within 
the scope of the scale. In this regard, these findings are summarized in Table 1. 


Table 1 
Factor Loadings and Item-Total Correlations of the Items 


Common 
Items Variance ie r t 
(h2) 
i32. | can explain the basic concepts related to the subject of sound. D4 13 .65* 35.26* 
i31. | can offer solutions to reduce noise pollution. 53 13 .65* 36.62* 
i26. | can solve problems related to the subject of light. 03 12 .64* 34.59" 
i38. | can explain the differences between heat and temperature. 02 12 .64* 35g 
i29. | can give examples from daily life for light sources. Of 12 63" 35.25" 
i28. | can do experiments about the propagation of light. 00 1 .63* 32.95* 
i2. | can use problem solving stages in questions about the subject of force. AQ 10 63° 33.60* 
i35. | can do experiments about the propagation of sound. 48 .69 .63* 33.93% 
i15. | can relate basic concepts of electricity to everyday life. A7 .69 .63* 34.75" 
i10. | can give examples from daily life with regard to energy types. A7 .69 .63* 32.43" 
: - = a ae - ti related to electricity in everyday life by means of what | 46 68 62* 35 84" 
i24. | can do the assignments about the subject of electricity without difficulty. AS 68 .62* 32.69" 
i23. | can develop new ideas to benefit from sunlight for a long time. AS .68 62° DOS: 
i6. | can explain the relationship between force and movement with examples from daily life. 44 67 62" SiGo" 
i1. |can do experiments about the effect of force on objects. 44 .66 ‘Ol 35.09" 
i25. | can explain the working principles of electrical appliances used in daily life. 44 .66 .61* 32.68% 
i39. | can do experiments about the effect of heat and temperature on substances. 43 64 .61* 33.27" 
i34. | can tell about the development of audio technologies from past to present. 43 64 61" Sr 
i37. | can relate what | have learned about heat and temperature to everyday life. 43 64 .61* 32.64* 
i19. | can solve problems related to electricity. 42 64 .61* 33.74" 
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eommon Factor 
Items Variance é r t 
(h2) loadings 
i27. | can offer solutions to reduce light pollution. 42 63 OF 35.16" 
130. | can prepare a project on lighting technologies. 42 63 .61* 32.07% 
i13. | can give examples from daily life about solid, liquid or gas pressure. At 63 .60* 31.68" 
i4. | can explain the factors affecting the speed of moving vehicles. At 63 .60* 29.94* 
i7. | can explain the working principles of tools that facilitate daily errands. At 63 .60* 30.39% 
id. | can solve problems related to speed. At 62 .60* 29.87* 
i22. | can apply what | have learned about electricity saving in everyday life. 40 62 .60* 02.31" 
i11. | can do experiments about the interconversion of energies. 40 62 09" 31.10* 


Eigen value (Total)=12.04 
Explained total variance (%) = 43.00 
Cronbach alpha = .92 


*p < .001 


With respect to the internal consistency coefficient, Cronbach's alpha value was .87 for the single factor of 
the scale. Based on this finding, it was seen that the results obtained from the data set (a > .80) were quite reliable 
(Cohen et al., 2007). 


Second Stage (Results of the Confirmatory Factor Analysis) 


Following the EFA, the scale with single-factor model was tested by performing Confirmatory Factor Analysis 
(CFA) to confirm it on a different sample. Hence, the data set for 764 cases obtained from an independent sample 
was analysed in CFA. 

The modification was made by taking into account the relationship between the errors of some items in the 
suggested model (e.g., e1-e2). Based upon maximum likelihood method, CFA results indicated that the data fit sta- 
tistics were at an acceptable level (y*/df= 3.52, p < .001; TLI = .91; CFl=.91; NFl = .89; GF = .89; IFl = .90; RMSEA =.05; 
SRMR = .03). In this context, these results related to the independent sample indicated that single-factor structure 
was suitable for the scale. Hence, none of the items was excluded from the scale. 

With respect to the internal consistency coefficient, Cronbach's alpha value was .84 for the single factor of 
the scale. Based on this finding, it was seen that the results obtained from the data set (a >.80) were quite reliable 
(Cohen et al., 2007). 


Third Stage (The Results of Reliability Analysis) 


In the final stage, both Cronbach's alpha (a) value for internal consistency and Pearson correlation coefficient 
(r) for re-test reliability were examined to determine the reliability of the scale. The data set for 91 cases obtained 
from an independent sample was analysed for reliability. With regard to the internal consistency of the scale, the 
results showed that Cronbach's alpha reliability coefficient (a) was found to be .84 for the internal consistency of 
the scale. In the related literature, if this coefficient is higher than .80, the scale is satisfactorily and highly reliable 
(Cohen et al., 2007). The students in the sample (n = 91) answered the items of the scale again three weeks after 
the previous application. The findings showed that there was a high level of relationship between the two applica- 
tions (r= .87, p < .001). The high correlation coefficient showed that the scale was a stable measurement, and the 
findings were consistent when the scale was applied at different times. 

Finally, the scale consisted of 28 items with single factor. While the lowest score can be 28, the highest score is 
140. From this point of view, the upper scores from the scale mean that the student has higher self-efficacy belief 
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towards physics subjects in science education. On the contrary, lower scores mean that the student's self-efficacy 
belief is low. 


Discussion 


In this research, a valid and reliable scale was developed to measure the self-efficacy towards physics subjects 
in science education by using data obtained from 2737 students at 6th, 7th, and 8th grades in a province located 
in the north of Turkey. When the relevant literature was examined, it was observed that scale development stud- 
ies were generally related to students’ self-efficacy beliefs towards science education at lower-secondary school 
level (Aslam & Ali, 2017; Tatar et al., 2009). However, the number of the existing scales are insufficient to measure 
the self-efficacy belief regarding more specified domains such as specific subjects, tasks, units, themes or learning 
fields in science education. Moreover, the studies on these subjects were observed to have been conducted mainly 
at higher education level and no self-efficacy scale towards specific fields or areas was encountered in science 
education, particularly in physics at lower-secondary school level. Unlike the present research, it was seen that 
these scales had a multi-factor structure. For example, “Acid-Base Self-Efficacy Perception Scale”, which included 
a specific subject in the field of chemistry, was developed for prospective teachers by Ilhan and Cicek (2017). The 
results showed that the explained total variance value of the two-factor scale consisting of 14 items (9 positive, 
4 negative) was found to be 46.71% and the Cronbach's alpha (a) value for internal consistency was .86, like the 
findings of the reliability analysis in the research. Likewise, the scale entitled “Astronomy Subjects Teaching Self- 
Efficacy Beliefs” was developed by Demirci (2017) and its final version consisted of 14 items with 3-factor structure 
while the draft scale was composed of 41 items. With regard to biology, “Teaching Evolution Self-Efficacy Scale” was 
developed for undergraduate students by Inan et al. (2018). It was composed of 11 items with two factors (efficacy 
about evolution content knowledge, self-efficacy about teaching evolution). 

On the other hand, there are few scales on self-efficacy belief toward physics. Most of them were concentrated 
on upper-secondary school and higher education students, not lower-secondary or middle school students. In 
addition, some researchers (see Alpaslan & Isik, 2016; Lin et al., 2015) adapted the self-efficacy scale which was 
developed by Lin and Tsai (2013) for science learning to physics learning. Selcuk et al. (2018) investigated the 
self-efficacy belief toward physics according to the factors of physics achievement and skills of using physics 
knowledge in the upper-secondary school. However, while being centred upon the general structure of physics, 
these scales neither focused on a task- or a subject-based construct nor were they at lower-secondary school level. 
In Turkey, the physics subjects are covered by science course curricula at these grades. From a multidimensional 
perspective, the previous scale development studies have offered a general or comprehensive framework in 
science education. Likewise, there are also some studies exploring science self-efficacy with one-factor structure 
as acomponent of motivation through a course- oriented approach (Glynn et al., 2009; Tuan et al., 2005; Pintrich 
et al., 1991). To illustrate, Motivated Strategies for Learning Questionnaire (MSLQ) was developed by Pintrich 
et al. (1991) has been frequently used to measure the self-efficacy -as a predictor of motivation- for science or 
other disciplines in the literature. However, the single-factor structure in the current research is substantial; at 
least for the following reasons, it differentiates from other studies. First, it may profoundly provide to subject- 
based evidence in examining the cognitive or affective features of science. Second, it can transform into a 
multi-dimensional structure together with variables regarding other sub-disciplines (the subjects of biology, 
chemistry etc.) of science. Finally, it may specifically reveal the latent variables of science learning in terms of 
physics subjects rather than a general perspective. 

The final version of the scale consists of 28 items with single factor. Based on the findings of this research, the 
several implications may be emphasized for science education. The scale can be used as a valid and reliable instru- 
ment by educators or researchers to understand students’ self-efficacy towards physics subjects. Using these findings, 
teachers may design learning environments by identifying the students with poor self-efficacy. For instance, they 
can initially give students easier tasks for learning activities rather than difficult in physics education. Another way 
to develop students’ self-efficacy belief is usage of instructional technologies or combination of these technologies 
and several learning methods in physics teaching process (Fidan, 2018; Seifert & Tshuva-Albo, 2014). Moreover, the 
scale can be utilized as a mediator variable in determining the effects of other latent factors in science learning. 
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Conclusions and Implications 


In conclusion, the current research showed that the scale had good performance to measure self-efficacy 
belief towards physics subjects for lower-secondary school in science education. Based on the relevant literature 
reviews, 52 items were identified for a draft scale form by taking the experts’ views to ensure face and content 
validity. After that, a pilot application of the scale was performed on the participants from the lower-secondary 
schools. Firstly, EFA (n = 1918) was conducted for determining the factor structure of the self-efficacy scale. 12 items 
were excluded from the scale owing to their poor factor loadings. The EFA findings demonstrated that the scale 
consisted of 28 items with single factor. To determine the discrimination of the item, both item-total correlations 
and the comparison between the scores of lower and upper groups (27% in each group) were examined. 

In the second stage, the scale with single-factor model was tested to confirm it on a different sample by 
conducting CFA (n = 785). CFA results showed that these fit indexes were acceptable and suitable for construct 
validity. After all, both Cronbach's alpha (a) value for internal consistency and Pearson correlation coefficient (r) for 
re-test reliability (n = 91) were examined to determine the reliability of the scale. The Cronbach's alpha reliability 
coefficient (a) was .84 for the internal consistency of the scale and re-test reliability coefficient (r) was found as .87 
for a three-week interval. The high reliability coefficients indicated that the reliability of the scale was at a satisfac- 
tory level and it measured accurately. 

The current research had some limitations. The first of these limitations was that the data were collected 
from a province located in the north of Turkey. It is recommended for future studies that the scale can be applied 
to a larger sample or different cultures including the students studying at different regions in Turkey. As another 
limitation, the interrelationships among variables of science (attitude, motivation etc.) were not examined in this 
study. As a matter of fact, physics is related to mathematics, natural science laws or rules, and the behaviours of 
the universe. Hence, further correlational, predictive, or modelling studies should provide solid evidence about the 
cause-effect relationship of variables and offer a general picture of science learning. It would be worth to explore 
the relationships between physics self-efficacy belief and the sources of self-efficacy. Because the scale includes 
topics and concepts of physics in detail, it can be used at higher grade levels aside from lower-secondary level. In 
future studies, it can be examined whether self-efficacy differentiates in terms of demographic variables such as 
student's gender and class or not. Similar to the findings of this research, self-efficacy scales on specific-domain 
subjects or tasks (biology subjects or themes, chemistry experiments etc.) can be developed in science education. 
Moreover, the subject-based self-efficacy scales (force and movement, pressure, electricity etc.) may be created 
separately in terms of physics subjects. 
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